A Hyperbolic-Uniform Space-Time Channel Model for Mobile Environment with Uniform Linear Antenna Array by Mahmoud, Seedahmed et al.
A Hyperbolic-Uniform Space-Time Channel Model
for Mobile Environment with Uniform Linear
Antenna Array
Seedahmed S. Mahmoud∗, Zahir M. Hussain∗, and Peter O’Shea†
∗School of Electrical and Computer Engineering
RMIT University, Melbourne, Victoria 3000, Australia
E-mails: s2113794@student.rmit.edu.au, zahir.hussain@rmit.edu.au
†School of Electrical and Electronic Systems Engineering
Queensland University of Technology, Brisbane, Queensland 4000, Australia
E-mail: pj.oshea@qut.edu.au
Abstract— In this paper we present a space-time geometrical-
based channel model for a macrocell mobile environment. We
consider reverse link with a uniform linear antenna array.
This model combines scalar stochastic fading model (for local
scatterers) with the geometrical hyperbolic model (for dominant
reflectors). We assume one resolvable path for each dominant
reflector. The proposed model provides statistics of the direction-
of-arrival (DOA), fading amplitude, time delay, and phase data
for wireless communication channels. The model is also useful
for designing a forward link beamformer.
I. INTRODUCTION
A signal propagating through a wireless channel usually
arrives at the destination along a number of different paths,
referred to as multipaths. These paths arise from scattering,
reflection, refraction or diffraction of the radiated energy off
objects that lie in the environment [1]. The received signal is
much weaker than the transmitted signal due to phenomena
such as mean propagation loss, slow fading, and fast fading
[1]. For analysing the performance of wireless communication
systems, a statistical channel model (which provides informa-
tion about the direction-of-arrival (DOA) and time-of-arrival
(TOA) of the multipath components) is required.
A common channel modelling strategy is the statistical
description of time-variant fading effects of the physical
channel due to moving terminals, moving obstacles and the
transmission environment [2]. However, those scalar stochastic
channel models do not provide any directional information.
Therefore, they are not directly applicable for systems with
multiple antennas [3].
In [4] we proposed a space-time geometrical channel model
with hyperbolically distributed scatterers for a macrocell mo-
bile environment; this model combined a scalar stochastic
fading model for the local scatterers with the geometrical hy-
perbolic model for the distribution of the dominant scatterers.
The model in [4] assumed that the scatterers were arranged
circularly around the mobile, with the distances between 1) the
mobile and the local scatterers and 2) the local and dominant
scatterers, both being distributed hyperbolically. In this model
the local scatterers contribute to the directional information
(i.e. DOA, TOA, and path amplitude) evaluation, where the
propagation distance spread for the local scatterers is not
negligible with respect to distances between the mobile and
the local scatterers [4].
In this paper, we present a statistical channel model for
a macrocell environment. This model is a combination of
scalar stochastic fading model for local scatterer with the
geometrical hyperbolic channel model proposed in [5] for
dominant reflectors. For the local scatterers within the vicinity
of the mobile we assumed that the propagation distance spread
is much less than the propagation distance for all multipaths
generated by the local scatterers [1]. The dominant reflectors
are well separated, where a different combination of the
incoming waves results from the structure of local scatterers
is reflected at each dominant reflector. Therefore, independent
fast fading is assumed for each resolvable path with associated
DOA and TOA.
II. SYSTEM MODEL
The propagation environment is assumed to be densely
populated with local scatterers uniformly distributed around
the mobile and with large dominant reflectors hyperbolically
distributed around the mobile. A general configuration is
shown in Fig. 1. It is further assumed that the signal received
by the array base station is Rayleigh faded (non line-of-sight)
and that the angle spread and delay spread are accounted for
by dominant reflectors (The local scatterers don’t contribute
to these spreads). The following subsections will explain the
signal and system models in detail.
A. Signal Model
A narrowband space-time channel with one transmit antenna
and M receiving antennas is considered. There are multipaths
from L dominant reflectors. Let the transmitted signal be:
x(t) = s(t)ej2pi fct (1)
 Fig. 1. Wireless propagation environment.
where s(t) is the complex baseband signal with bandwidth,
B, and carrier frequency, fc. If we assume that the mobile is
moving at speed v and there is no direct line-of-sight (LOS)
component for macrocell, the corresponding received signal
ym(t) at the mth antenna element is given by [3]
ym(t) =
L∑
k=1
am(θk)
√
P (τk)αk(t)x(t− τk)ejφk(t) + nm(t)
(2)
where L is the number of multipaths (equal to number of
dominant reflectors), m = 0,..., M -1, am(θk) is the phase shift
at each antenna element with respect to a reference point,√
P (τk) describes the path attenuation, αk(t) characterizes
the fast fading of the space-time channel, x(t) represents
the transmitted signal, nm(t) is the receiver additive white
Gaussian noise (AWGN), τk is the path delay, and φk(t) =
2pi[fd cos(ψkt) − fc τk], where the expression fd cos (ψkt)
represents the Doppler shift, fd = v/λ is the maximum
Doppler shift (v being the mobile velocity, λ is the wave-
length), and ψk is the direction of the kth scatterer with respect
to the mobile velocity vector. The Doppler spread fm is given
by 2fd. These parameters vary with time. The direction-of-
arrival and the path delay are determined geometrically from
the model. As the mobile station moves in the environment,
the number and position of scatterers affecting the received
signal will change with time, causing the time delay, the fast
fading amplitude, the phase, the path loss, and the number of
resolvable paths to be time-varying [3], [6].
The array response vector to an incoming signal xk(t) from
a direction-of-arrival θk has the form
a(θk) = [1, a2(θk), ..., aM (θk)] (3)
where am(θk) is a complex number denoting the amplitude
and the phase shift of the signal at the mth antenna relative to
that at the first antenna. For a uniform linear array, am(θk) =
e[j2pi(m−1) d sin(θk)/λ], where d is the space between adjacent
antennas and λ is the wavelength of the carrier.
The mean power of each multipath component depends
on the propagation delay τk and is usually defined by a
characteristic power delay profile (PDP) P(τk) which is given
by [7]
P (τk) = Pref − 10n log
(
τk
τref
)
. (4)
The path loss exponent n depends on the propagation
scenario to be simulated [7], [8]. Pref is a reference power that
is measured at a distance dref from the transmitting antenna
when omnidirectional antennas are used at both the transmitter
and the receiver. The reference power is given by [7]
Pref = PT − 20 log
(
4pi dreffc
c
)
(5)
where PT is the transmitted power in dB and fc is the carrier
frequency. The fast fading αk(t) is modelled as a Rayleigh-
distributed random process.
The direction-of-arrival, time-of-arrival, and the mean power
of each multipath component are drawn from the distribution
of the dominant reflectors. The geometrical-based hyperbolic
channel model is used to generate these parameters.
B. Geometrical-Based Hyperbolic Model for Dominant Scat-
terers
In this paper we consider the geometrical-based hyperbolic
channel model proposed in [5] to provide the directional in-
formation of the multipath components. In this model, signals
received at the array base station are assumed to be plane
waves arriving from the horizon and hence the angle-of-arrival
calculation will include only the azimuthal coordinate [1].
Fig.2 illustrates the geometrical based hyperbolic distributed
scatterers model [5]. This model assumes that the scatterers
are arranged in a circle of radius R around the mobile.
The distances rk between the mobile and the scatterers are
distributed according to the hyperbolic pdf, whereas the angles
of departure ψk are uniformly distributed in the interval [0,2pi].
D denotes the distance between the base station and the mobile
unit. The angle θk is the direction-of-arrival for the kth path
delay [5]. The probability density functions of rk and ψk are
given by
fr(rk) =
a
tanh(aR) cosh2(ark)
where 0 ≤ rk ≤ R (6)
fψ(ψk) =
1
2pi
where 0 ≤ ψk ≤ 2pi (7)
The applicable value of a is in the interval (0,1). This value can
be evaluated when an angle spread (assumed or measured) is
given. Generation of DOA, TOA, and the signal amplitude can
be determined from the spatial probability density functions in
(6) and (7).
The path delay, τk, of the multipath component is given by
[5]
τk =
(lk + rk)
c
=
1
c
[
rk +
√
r2k +D2 − 2rkD cos(ψk)
]
(8)
 Fig. 2. Geometry of the hyperbolic channel model.
where c is the speed of the light. The DOA for the kth path,
θk, is given by [5]
θk =
 tan−1 ( rk sin(ψk)D−rk cos(ψk)) for rk cos(ψk) ≤ D
tan−1
(
rk sin(ψk)
D−rk cos(ψk)
)
+ pi for rk cos(ψk) > D

(9)
III. SIMULATION RESULTS
The time-varying geometrical-based hyperbolic channel
model has been simulated using MATLAB. In this simulation
we considered a path loss exponent of 4 (urban area), the
number of simulated multipaths component to be 20, and
a=0.0036. The maximum excess delay τemax has been limited
to 800 ns. Fig. 3 shows the envelopes for a simulated multipath
Rayleigh fading using the proposed model for three values of
D: 0.5 km, 1 km, and 1.5 km. The mobile was assumed to
be moving at 74.6 mph which corresponds to a maximum
Doppler, fd, of 100 Hz at 900 MHz carrier.
Fig 4 shows the magnitudes for a Rayleigh fading of the
space-time hyperbolic and the proposed channel model. The
number of simulated multipaths component is set to be 20,
and the distance between the mobile station and the base
station has the value of D= 1 km. The values of a1 and a2
for the space-time hyperbolic channel is set to 0.2 and 0.007
respectively. The value of a is set to 0.007 for the proposed
model.
Fig.5 plots the received signal level across the uniform linear
array (space-time fading) over a period of 600 symbols for the
proposed model with the symbol period of Ts = 200 µs. The
number of antenna elements is 8.
IV. CONCLUSIONS
In this paper, a space-time geometrical-based channel model
for a macrocell mobile environment is developed. The model
assumes that the dominant scatterers are hyperbolically dis-
tributed around the mobile, while the local scatterers are
uniformly distributed. This model provides: the power of each
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Fig. 3. Rayleigh fading envelopes using the proposed channel model:
(fd = 100 Hz, Ts=104.2µs, a =0.0036, and D = 0.5, 1, 1.5 km).
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Fig. 4. Rayleigh fading envelopes for the proposed model and the
space-time hyperbolic channel model: (fd= 100 Hz, Ts= 200µs,
a =0.007, a1 =0.2, a2 = 0.007, and D =1 km).
multipath, the time-of-arrival (TOA), and the direction-of-
arrival (DOA) of each multipath component as well as the
fading effect. The model enables simulation of forward link
beamforming as well as space diversity concepts; it can also
handle both spatially narrowband and wideband signals.
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